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Palatal Volume Following Rapid Maxillary Expansion in Mixed Dentition
Antonio Graccoa; Andrea Malagutib; Luca Lombardoc; Alida Mazzolid; Roberto Raffaelie
ABSTRACT
Objective: To evaluate volumetric variations in the palate following rapid expansion, both im-
mediately after treatment and over time.
Materials and Methods: The sample was composed of 30 patients in early mixed dentition treat-
ed with a Haas-type device cemented onto the primary second molars. The mean age of the
patients upon commencement of expansion was 7 years and 6 months (standard deviation [SD],
12 months). Measurement of palatal volume was conducted via 3D acquisition of plaster models
using laser scanning before treatment (T1), upon device removal (T2), and 2.6 years afterward
(T3).
Results: The volume of the palate increased in a statistically significant fashion from T1 to T2
and from T1 to T3, and it decreased in a nonsignificant fashion from T2 to T3.
Conclusions: Palatal volume significantly increases with rapid maxillary expansion (RME) treat-
ment with insignificant relapse. The use of virtual 3D models with the aid of Apposite software
permits evaluation of the morphologic and volumetric changes induced by orthodontic treatment.
(Angle Orthod. 2010;80:153–159.)
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INTRODUCTION
Rapid maxillary expansion (RME) is a universally
employed technique for correction of transversal defi-
cits of the upper arch in adolescent patients. Various
studies have evaluated the dental and skeletal effects
of RME using different techniques from manual mea-
surements and plaster models1–3 to laterolateral,4–7
posteroanterior,2,3,5,7,8 and occlusal1,9 radiography;
nonetheless, the measurements carried out in these
studies all relied on 2-dimensional (2D) analytical
methods.
Nowadays the availability of 3-dimensional (3D) im-
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aging systems permits clinicians and researchers to
evaluate changes in orthodontic treatment in three
spatial dimensions. Garib et al10 compared the dento-
skeletal effects of Hyrax- and Haas-type expanders,
using spiral computed tomography (CT), and Garret11
employed cone-bean computed tomography (CBCT)
to study the effects of RME on the upper jaw.
Phatouros12 investigated morphologic changes in
the palate after RME, using 3D images obtained via
CT scanning of plaster models, and Oliveira13 com-
pared the results obtained with Haas- and Hyrax-type
expanders using a 3D method involving laser scanning
and computer analysis of plaster models; in addition,
anteroposterior cephalograms were obtained.
Marini and Bonetti14 used photogrammetry to study
3D palatal changes following RME. This technique
permits the dimensions and morphology of 3D chang-
es to be measured using photographs of the object as
a starting point.
De Felippe et al15 evaluated the effects of RME by
calculating the variations it induced on interdental di-
ameters, molar tipping, and palatal area and volume,
using 3D digital images obtained via laser scanning of
plaster models.
The aim of our study was to evaluate volumetric var-
iations in the palate, both immediately subsequent to
RME and over time, in patients in early mixed denti-
tion, using the 3D acquisition technique of laser scan-
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Figure 1. ‘‘Roland Picza mdx-15/20’’ Model.
Figure 2. View of horizontal plane.
Figure 3. Intersection between horizontal and vertical planes.
ning plaster models. We investigated volumetric alter-
ations in the palate following the active phase of ex-
pansion and stability over time of the results achieved.
MATERIALS AND METHODS
The sample analyzed consisted of 30 patients (18
females and 12 males) in early mixed dentition treated
with a Haas-type device cemented onto the E teeth.
The mean age of the patients, treated by the same
operator, at the start of expansion was 7 years and 5
months (standard deviation [SD], 12 months). All pa-
tients had good-quality upper E teeth without caries
and well-formed roots as shown by panoramic radio-
graph. This project was approved by the Department
Committee at the University of Ferrara, and informed
consent was obtained from parents.
In all cases, activation of the device was carried out
by a single turn of its screws per day until the palatal
cusp of the upper first molar came into contact with
the buccal cusp of the lower first molar. Upon comple-
tion of the expansion phase, the device was used to
maintain the expanded jaw for a period of 12 months
(SD, 3 months) before it was removed.
Impressions of the maxillary arch were taken at
three different intervals during the course of expan-
sion: at the start of treatment, T1; upon removal of the
device (mean, 12 months; SD, 3), T2; and after an
observation period, before the second phase of ortho-
dontic treatment with a fixed appliance, T3 (mean, 2.6
years; SD, 1.1). All impressions were taken in vinyl
polysiloxane (2 Penta H, 2 Light Body; 3M ESPE Ex-
press, Leicestershire, UK) using the double-impres-
sion technique, and then were cast in class 4 extra-
hard white plaster (ZETA, Orthodontic Stone; WhipMix
Corp, Louisville, Ky) within 24 hours.
The plaster models obtained then were subjected to
piezoelectric scanning (Roland Active Piezo Sensor
Modela MDX-15; Roland DG Mid Europe SRL, Acqua-
viva Picena, Italy) (Figure 1). This scan processing
system, together with Apposite software (RapidForm
2006; INUS Technology, Seoul, Korea) permits the fol-
lowing: (1) accurate 3D reconstruction of the model to
be obtained16; (2) precise measurements; and (3) the
volume of the scanned object to be evaluated. Once
the 3D models had been obtained, the planes to
‘‘pack’’ the model were defined so the volume of the
palate could be calculated. The horizontal plane was
obtained by uniting the following three points: one at
the lowest point of the gingival margin of one central
incisor and two at the lowest points of the gingival mar-
gin of the first permanent molars (Figure 2). The pos-
terior limiting plane was tangent to the distal surface
of the first molars and necessarily formed an angle of
90 degrees with the horizontal plane (Figure 3). Once
the planes had been defined, it was necessary to re-
move the unnecessary points (ie, those corresponding
to the teeth above the horizontal plane and the ‘‘heel’’
of the model) from the mesh so the volume could be
obtained (Figure 4).
Volumes desired were obtained by closing the var-
ious planes. Palatal volume was defined as the vol-
ume between the reference surfaces and the palatal
surface. This volume was visualized as a solid (Figure
5), and a data table that included this value was draft-
ed (Figure 6).
We decided to identify stable reference points on the
sagittal and transverse planes to consent to superim-
position of the digital models and thus to visual eval-
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Figure 4. Mesh after cleaning.
Figure 6. Measurements table.
Figure 5. Volume of palate visualized as a solid. Figure 7. (A) Volume at T1. (B) Volume at T2. (C) Volume at T3.
uation of the volumetric variations provoked by expan-
sion therapy. We decided to use the palatine rugae as
an anatomic reference zone for this purpose (Figures
7a,b,c, and Figure 8), as these rugae are stable in both
anteroposterior and transversal directions and are
easy to recognize.
In 1955, Lysell17 affirmed that the palatine rugae
have unique characteristics and may be used for iden-
tification purposes. Peavy and Kendricks18 also con-
cluded their study by stating that the palatine rugae do
not undergo appreciable alteration during orthodontic
treatment. Almeida19 highlighted that the palatine ru-
gae are suitable anatomic sites for reference points in
longitudinal analysis of the transversal and anteropos-
terior planes of models. Bailey20 evaluated the stability
of the palatine rugae in extractive and nonextractive
orthodontic treatment. Data obtained indicate that the
palatine rugae did not undergo modification in patients
without treatment, but statistically significant variations
in the positions of the first and second rugae were
found in the extraction cases. However, the author
concludes that the median and lateral points of the
third palatine ruga are stable enough to use as refer-
ence points when evaluating dental movements. Hog-
gan and Sadowsky21 evidenced the stability of the pal-
atine rugae in a sample treated with extraction of the
first upper premolars.
The studies cited above evaluated and confirmed
palatine rugae stability in the sagittal and transverse
planes. Recently, however, an article has been pub-
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Figure 8. Superimpositions T1, T2, and T3.
Table 1. Palatal Volume of Each Patient Expressed in mm3 at T1,
T2, and T3
Patient T1 T2 T3
1 4284.04 5296.37 5295.72
2 4607.68 5288.48 5234.21
3 2284.98 2734.65 2675.13
4 4774.68 5393.49 5226.25
5 3303.02 3579.99 3746.59
6 4473.55 5748.81 5945.51
7 2287.12 2642.37 2495.03
8 5292.26 7137.87 6571.22
9 4014.89 5093.54 5009.32
10 3714.83 4401.69 4009.9
11 1636.3 2004.6 1986
12 2284 2734.8 2674.11
13 3005.8 3898.4 3779.65
14 2546.1 3061.32 3004.78
15 3056.36 3646.52 3638.03
16 4280.74 5301.47 5282.8
17 2531.14 3071.31 3007
18 3058.37 3637.46 3631.02
19 4601 5291.78 5232.31
20 4767.11 5390.19 5241.25
21 4491.55 5749.11 5950.93
22 2999.87 3899.09 3782.6
23 5301.2 7133.8 6580
24 4015.19 5091.5 5012
25 6365 7970.11 8062.08
26 3300.1 3600 3746
27 2286.89 2639.22 2500.66
28 3714 4411.06 4013.45
29 1655.9 2004 1990.01
30 6370.5 7966.86 8059.06
lished22 regarding their stability in the vertical plane.
The results of this study demonstrate that the vertical
position of the palatine rugae changes, with the degree
of alteration being greater in the first rugae than in the
second and least in the third. The authors conclude
that the third palatine ruga is thus the most reliable for
use as a reference point in the short term.
Statistical Analysis
Palatal volumes are expressed as means  SD. To
compare the mean measurement of the same param-
eter at three different time intervals, an F analysis of
variance (ANOVA) test for repeated measurements
was employed. To apply this test, the validity premises
(ie, normal distribution of data in each step) were ver-
ified, correlations were noted between means and SDs
for each step, as were homoschedasticity and sphe-
ricity of the measurements. The Bonferroni test was
used for post hoc verification.
RESULTS
Volumetric measurement of the palate was carried
out for each patient at T1, T2, and T3, and the mea-
surements obtained are reported in Table 1, where the
volume is expressed in mm3.
Before treatment (T1), the mean palatal volume was
3710.1 mm3, upon removal of the expander (T2) it was
4527.3 mm3, and upon long-term re-examination (T3)
it was 4446.1 mm3 (Tables 2 and 3). Between T1 and
T2, a statistically significant increase in volume (P 
.00000001) of 21% was revealed, whereas the reduc-
tion in volume between T2 and T3 (P  .76) of 2%
was not found to be significant; thus the increase in
volume between T1 and T3 (0.00000001) of 19% was
statistically significant (Table 4).
DISCUSSION
Various studies have evaluated the skeletal and
dental effects induced by rapid palatal expansion us-
ing two-dimensional analysis.1–9 New 3D-imaging tech-
niques, however, permit clinicians and researchers to
evaluate changes in three-dimensional space.
Garib et al10 compared the dentoskeletal effects of
Hyrax- and Hass-type devices using CT. The limitation
of this study was the small size of the sample (8 sub-
jects). Garrett et al11 evaluated the skeletal effects of
rapid expansion via CBCT, which permits 3D imaging
with minimal distortion and exposure to low levels of
radiation.23 Oliveira et al13 evaluated morphologic
changes in the upper jaw after palatal expansion using
a 3D method; the technique employed, laser scanning
and subsequent computerized analysis of models,
was found to be accurate, fast, and relatively inexpen-
sive. In this study, only linear measurements were
considered.
Volumetric evaluation was carried out by De Felippe
et al,15 who obtained digital models via scanning of
plaster casts. In this study, measurement of the palatal
area was executed before expansion (T1), upon re-
moval of the expander (T3), and between 9 and 12
months after the expander was taken out (T4). Their
results demonstrate a statistically significant increase
in volume between T1 and T3, and between T1 and
T4, and an insignificant relapse between T3 and T4.
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Table 2. Descriptive Statistics
Variable
Descriptive Statistics (datanew.sta)
Valid N Mean Median Minimum Maximum Standard Deviation
T1 30 3710.139 3714.415 1636.300 6370.500 1267.802
T2 30 4527.329 4406.375 2004.000 7970.110 1655.239
T3 30 4446.087 4011.675 1986.000 8062.080 1639.070
Table 3. Graph Representing Changes in Sample Means at T1, T2, and T3a
a The circles represent the mean values and the vertical bars represent the 95% confidence intervals.
Phatouros and Goonewardene12 scanned plaster
models using CT. Linear measurement of their digital
models produced results comparable with those car-
ried out by using a gauge to measure plaster models.
This study did not seek to evaluate volumetric alter-
ations of the palate, although the authors did empha-
size the importance of such an investigation, stating
that 3D imaging techniques such as laser or CT scan-
ning could be used to obtain further information about
changes to the volume of the palate during rapid ex-
pansion.
Marini and Bonetti14 used photogrammetry to cal-
culate the degree of volumetric change in the palate
after rapid expansion. These authors determined that
all patients showed an increase in palatal volume and
transverse diameter after rapid expansion, despite a
slight relapse during the 6 months following treatment.
The technique employed in this study, despite the fact
that it is very precise in terms of linear measurement
of transverse diameters, was slightly less meticulous
as far as volumetric measurements were concerned.
To build upon and clarify the results obtained by the
abovementioned authors, we set up a system of ac-
quisition, elaboration, and reproduction of models, with
the aim of evaluating palatal expansion from a volu-
metric perspective.
Via statistical analysis, the present study revealed a
significant increase in palatal volume following rapid
expansion, whereas the reduction in volume that oc-
curred between device removal and subsequent re-
evaluation was not statistically significant.
Results of this research indicate that an increase in
palatal volume of mean 817.2 mm3 (ie, 21%) occurred
between T1 and T2. This volumetric variation was both
statistically and clinically significant. These results
confirm those reported in other articles, which docu-
ment an increase in skeletal and dental transversal
diameters,11–13 an increase in the perimeter of the den-
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Table 4. Statistical Differencesa
Cell No.
Bonferroni test; variable DV1 (datanew.sta)
Probabilities for Post Hoc Tests
Error: Within MSE  74,035, df  58,000
Measure {1} 3710.1 {2} 4527.3 {3} 4446.1
1 T1 0.000000 0.000000
2 T2 0.000000 0.756796
3 T3 0.000000 0.756793
a Bonferroni’s post hoc test with significance level of .05.
tal arch,12,24,25 and/or an increase in palatal area13 after
expansive treatment. We found a mean volumetric re-
duction between T2 and T3 of 81.2 mm3, or 2%. This
volumetric variation was statistically, but not clinically,
significant.
With the rugae used as points of reference, these
volumetric variations are evident from the graphic su-
perimpositions of palatine volumes. These graphic
representations clearly demonstrate the increase in
volume that occurs during the active phase of expan-
sion and a slight relapse after a fairly long observation
period following removal of the expander.
Several articles have documented the percentage of
relapse in the postretention period, which oscillates
between the 0% found by Haas,26 the 10% reported
by Herberger,27 and the 25% to 30% noted by Stock-
fish.28 The study carried out by Haas26 demonstrated
absolute dental and skeletal stability in all cases stud-
ied. However, several limitations were present, includ-
ing the small size of the sample (10 cases), the use
not only of a separator but of other orthodontic appli-
ances as well, and the extremely variable duration of
the postretention period (from 2 to 6 years). Herber-
ger27 evaluated a much larger sample (55 subjects)
and preserved a certain homogeneity with regard to
age (from 9 to 14 years), but this investigation also
was carried out after orthodontic treatment involving
rapid expansion was followed by the use of fixed ap-
pliances.
The high degree of relapse noted by Stockfish28
could be due to the extreme variation in age among
members of his sample (6 to 32 years). The data ob-
tained in the present study are in line with those re-
ported by Marini and Bonetti,14 and by De Filippe,15 all
of whom found that relapse was not significant.
The minimal degree of relapse between T2 and T3
found in this study could be due to any of three factors:
(1) the young age of the patients (mean, 7.5 years),
which led to a good orthopedic result, (2) the pro-
longed retention period (about 12 months), which per-
mitted complete remineralization of the palatine su-
ture, and (3) the repositioning of the tongue within the
arches following an increase in upper diameter.
With regard to the second point, Hicks29 reported
that the degree of relapse is linked to the maintenance
procedures carried out post expansion. According to
this author, removal of the expander immediately after
the active expansion phase can result in a percentage
relapse of up to 45%, whereas fixed maintenance for
2 to 3 months leads to 10% to 23% relapse, and a
removable maintenance device provokes 22% to 25%
relapse. Zimring and Isaacson30 demonstrated that the
force that determines relapse continues to act for at
least 6 weeks following expansion.
Regarding the third point, a reduction in volume was
seen in 24 patients, and an increase in volume (a
mean of 3%) was noted in 6. This increase could be
due to repositioning of the tongue, or to the natural
increase in size that occurs during growth.30–32
The mean increase in volume between T1 and T3
was 736 mm3, that is, 19%. An increase in palatal vol-
ume was seen in all patients treated. These results are
consistent with those obtained by Marini and Bonetti,14
who found that the palatal volume of all patients was
increased at 6 months following removal of the ex-
pander, and with those of De Filippe,15 who carried out
postexpansion evaluation 9 to 12 months after the de-
vice was removed.
The results of the present study indicate that rapid
expansion of the jaw is efficacious in increasing the
volume of the palate, and that this criterion is stable
over time, even though a slight relapse occurs after
device removal. This study considered only variations
in the skeletal and alveolar volume of the palate in-
duced by the orthopedic effect of rapid expansion. The
dental effects were not evaluated, as all patients were
in mixed dentition during the active phase (T1-T2) and
had permanent dentition at T3; thus no effective com-
parison of the orthodontic effects could be made.
CONCLUSIONS
• Rapid maxillary expansion is an efficacious means
of increasing the volume of the palate and remains
stable over time.
• Application of reverse engineering technology via la-
ser scanning of plaster models to obtain 3D virtual
models overcomes the limitations of 2D analysis.
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